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SCALABLE AND FLEXIBLE INTERNET FAX 
ARCHITECTURE 

COPYRIGHT NOTICE 

Contained herein is material that is subject to copyright 
protection. The copyright oWner has no objection to the fac 
simile reproduction of the patent disclosure by any person as 
it appears in the Patent and Trademark Of?ce patent ?les or 
records, but otherWise reserves all rights to the copyright 
Whatsoever. Copyright© 2012, EC Data Systems Inc. 

BACKGROUND 

1. Field 
Embodiments of the present invention generally relate to 

receiving inbound facsimile messages via email, Website and/ 
or custom application programming interface (API) integra 
tion. In particular, embodiments of the present invention 
relate to an improved Internet fax architecture designed for 
scalability, ?exibility and e?icient inbound facsimile pro 
cessing that, among other things, alloWs multiple inbound 
addresses to be associated With a single user account of a 
subscriber, performs load balancing among facsimile pro 
cessing resources, dynamically selects appropriate facsimile 
processing resources based on various factors and accommo 
dates facsimile processing resources having different con 
?gurations and/or differing capabilities or capacities. 

2. Description of the Related Art 
Existing Internet fax systems have numerous limitations in 

terms of the scalability and ?exibility of their architectures 
and user-facing ?exibility. The user-facing in?exibility 
exhibited by existing Internet fax systems results in part from 
an underlying assumption that a subscriber is an individual 
user rather than a company having multiple users. As such, 
attempting to use such Internet fax systems in a multi-user 
environment typically requires compromise in terms of one or 
more of expense, features and security. For example, in exist 
ing Internet fax systems, the destination address (i.e., the 
dialed fax number) is assumed to have a one-to-one relation 
ship With a particular end user. This assumption is inconsis 
tent With a typical desired usage model in Which multiple 
members of a project team may all Wish to have access to 
faxes received on a particular inbound fax number. Similarly, 
administrative staff that support multiple project teams may 
need to have access to faxes received on multiple inbound fax 
numbers. While companies have found Workarounds to deal 
With some of the limitations of existing Internet fax systems 
by sharing user accounts and/ or subscribing to more fax num 
bers than desired, for example, a more ?exible architecture 
that better suits the needs of corporate users is needed. 

SUMMARY 

Methods and systems are described for processing inbound 
fax messages in an e?icient and scalable manner. According 
to one embodiment, an inbound fax call is received at a 
telecommunications system of an Internet fax system. The 
inbound fax call includes a source address, a destination 
address and a fax signal. The destination address corresponds 
to a particular subscriber of the Internet fax system. The 
inbound fax call is sWitched by the telecommunications sys 
tem to a call mediation system, Which determines desired 
technical call processing capabilities for processing the fax 
signal based on tWo or more of the source address, the desti 
nation address and a connection over Which the inbound fax 
call Was received. A subset of fax processing resources that 
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2 
have the desired technical call processing capabilities are 
identi?ed by the call mediation system from among multiple 
fax processing resources associated With the call mediation 
system. The inbound fax call is sWitched by the call mediation 
system to a selected fax processing resource of the subset of 
fax processing resources. The fax signal is translated by the 
selected fax processing resource into a digital representation. 
And, the digital representation is delivered or otherWise made 
available to one or more users associated With the particular 
subscriber. 

Other features of embodiments of the present invention 
Will be apparent from the accompanying draWings and from 
the detailed description that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention are illustrated by 
Way of example, and not by Way of limitation, in the ?gures of 
the accompanying draWings and in Which like reference 
numerals refer to similar elements and in Which: 

FIG. 1 is a context level diagram illustrating external actors 
that may interact With an Internet fax system in accordance 
With an embodiment of the present invention. 

FIG. 2 is a system level diagram conceptually illustrating 
an architecture of an Internet fax system in accordance With 
an embodiment of the present invention. 

FIG. 3 is block diagram illustrating various components of 
an Internet fax system architecture in accordance With an 
embodiment of the present invention. 

FIG. 4 is block diagram illustrating functional units of a 
private branch exchange (PBX) in accordance With an 
embodiment of the present invention. 

FIG. 5 is an example of a computer system With Which 
embodiments of the present invention may be utiliZed. 

FIG. 6 is a ?oWchart illustrating fax call processing in 
accordance With an embodiment of the present invention. 

FIG. 7 is a ?oWchart illustrating fax processing resource 
selection in accordance With an embodiment of the present 
invention. 

FIG. 8 is a ?oWchart illustrating conversion and delivery 
processing in accordance With an embodiment of the present 
invention. 

FIG. 9 is a ?oWchart illustrating email delivery processing 
in accordance With an embodiment of the present invention. 

FIG. 10 is a ?oWchart illustrating fax image storage pro 
cessing in accordance With an embodiment of the present 
invention. 

FIG. 11 is a ?oWchart illustrating Web delivery processing 
in accordance With an embodiment of the present invention. 

FIG. 12 is a ?oWchart illustrating API delivery processing 
in accordance With an embodiment of the present invention. 

DETAILED DESCRIPTION 

Methods and systems are described for processing inbound 
fax messages in an e?icient and scalable manner. According 
to embodiments of the present invention, an Internet fax sys 
tem architecture is provided that, among other novel features, 
performs round-robin load balancing among available fac 
simile processing resources determined to have appropriate 
technical call processing capabilities for processing a particu 
lar inbound fax call. Embodiments of the present invention 
also include the notion of one or more intermediate call 
mediation systems, interposed betWeen one or more telecom 
munications systems and the facsimile processing resources, 
identifying and selecting an appropriate facsimile processing 
resource from among those available based on a combination 
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of tWo or more of (i) the source address (e. g., automatic 
number identi?cation (ANI) or caller identi?cation (caller 
ID, CID)) of the facsimile call and the source’s knoWn capa 
bilities/ limitations; (ii) Whether the facsimile call arrives over 
a packet-switched or circuit-sWitched connection, (iii) the 
service provider through Which the facsimile call arrives and 
(iv) the destination address (e.g., Direct InWard Dialing 
(DID), Dialed Number Identi?cation System (DNIS) or Call 
ing Identi?cation). In some embodiments, the Internet fax 
system architecture includes a combination of digital and 
analog devices and can accommodate facsimile processing 
resources having different con?gurations and/or having dif 
ferent capabilities or capacities. 

According to one embodiment, an Internet fax system is 
provided that includes: 
a. One or more sWitches connected to either or both of circuit 

and packet sWitched netWorks for receiving incoming call 
signals, Wherein each incoming call signal includes a desti 
nation address and a source address. The destination address 
may be associated With Zero to many user accounts and each 
user account may be associated With Zero to many destination 
addresses. And Wherein each sWitch redirects the incoming 
call signal including the destination and source addresses to 
one of one or more call mediation systems coupled to the 
sWitch via circuit or packet sWitched connections; 
b. The call mediation system accepts or rejects the call, and if 
accepted, selects an appropriate message processing resource 
to process the call; and 
c. The message processing resource processes the audio con 
tained Within the incoming call signal into a digital represen 
tation; 
d. The message processing resource consults a centraliZed 
data store to determine delivery mechanism; 
e. The message processing resource delivers and/or makes 
available the digital representation of the audio in the incom 
ing call signal, based upon the delivery mechanism deter 
mined. 

In the context of the aforementioned embodiment, the call 
mediation system may further be operable to: 
a. Upon receiving the incoming call signal, based upon one or 
more of the source address, destination address and/or the 
speci?c circuit or packet sWitched connection on Which the 
incoming call signal Was received either reject or accept the 
call after consulting a centraliZed data store to determine 
Whether to accept or reject based on one or more of the source 
address, the destination address and/or the speci?c circuit or 
packet sWitched connection, sending a busy signal to the 
source address if rejected and terminating the call; 
b. If the call is accepted, select a subset of message processing 
resourcesithe “appropriate message processing 
resources”iWhich have technical capabilities matching the 
desired technical capabilities to process the incoming call 
signal after consulting a centraliZed data store to determine 
the desired technical capabilities, based upon a combination 
of tWo or more of the source address, destination address 
and/or the speci?c circuit or packet sWitched connection on 
Which the incoming call signal Was received; and 
c. Query each message processing resource Within the appro 
priate messaging processing resources to determine a speci?c 
available processing resource Within a given appropriate mes 
sage processing resource; and 
d. Store the original destination address in the name portion of 
the calling presentation (ANI) and overWrites the destination 
address With a ?xed destination address that identi?es the 
speci?c available processing resource for the call to be routed 
to; 
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4 
e. Redirect the incoming call signal to a digital access cross 
connect system (DACS) coupled to the call mediation system 
via a circuit sWitched connection and coupled to each speci?c 
processing resource on the message processing resource via a 
circuit sWitched connection; 
f. The DACS redirects the incoming call signal along With the 
source and destination addresses, to the speci?c available 
message processing resource, as speci?ed in the destination 
address speci?ed by the call mediation system to the message 
processing resource via a circuit sWitched connection, trans 
lating the ANI into caller ID name (containing the original 
destination address) and number (containing the source 
address) ?elds; 
g. The call mediation system implements storage of the spe 
ci?c available message processing resource selected, so as to 
load balance incoming calls by preferring not to select the 
same speci?c available message processing resource until 
other speci?c message processing resources Within the appro 
priate message processing resources have been subsequently 
selected for subsequent incoming call signals; and 
h. The call mediation system Will select a second speci?c 
available message processing resource if the ?rst selected 
speci?c available messaging processing resource does not 
ansWer Within a con?gured timeout period, re-Write the des 
tination address to accommodate the neW selection, and redi 
rect the incoming call signal to said second speci?c available 
message processing resource through a DACS as speci?ed in 
‘f & g’ above; 
i. The call mediation system remains in the call path after 
redirecting the message processing resource, such that it 
records the start and stop time, speci?c resource selected and 
result (normal hangup, problem, etc.) of the incoming call 
signal for both billing and accounting and troubleshooting 
purposes; 

In the context of one or more of the aforementioned 

embodiments, the message processing resource may be oper 
able to: 
a. Upon completion of the reception of the audio of the 
incoming call signal and converting said audio to a digital 
representation, retrieve the original source and destination 
addresses of the call signal from the caller ID ?elds, consult a 
centraliZed data store to determine the preferred digital rep 
resentation format based upon ?rst the destination address 
alone, then the preferences of any user accounts that may be 
associated With the destination address, and convert the digi 
tal representation to the appropriate format With the possibil 
ity to store and subsequently present multiple differing for 
mats to different user accounts; 
b. Upon completion of reception of the audio of the incoming 
call signal and converting said audio to a digital representa 
tion and potentially converting said digital representation to a 
different digital format, consult a centraliZed data store to 
determine the delivery mechanism, Which may be one or 
more of: 

l .V1a email to one or more email addresses associated With 
user accounts that are in turn associated With the particu 
lar destination address of the incoming call signali 
assuming user accounts are associated With the particu 
lar destination address, Which is not requirediWherein 
the delivery mechanism may specify Whether: 
i. To deliver all or part of the digital representation of the 

audio attached to the email to the user’s email address, 
or 

ii. To deliver only a noti?cation to the email address With 
none of the digital representation attached, or 

iii. To encrypt the digital representation prior to deliver 
ing it. 
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Each of i.-iii. above being separately and uniquely con?g 
urable for each of the one or more user accounts that may 
be associated With the particular destination address. 

2. Stored in a destination address speci?c area, Which is 
presented via a Website to Which Zero or more users may 
have access for retrieval via HTTP or HTTPS. A central 
data store is used for storage of the metadata (source 
address, destination address, date/time message 
received, etc.) that is then used to retrieve the digital 
representation of the message When an authorized user 
accesses the destination address speci?c area and 
requests the message via an HTML interface and the 
central data store metadata is used to generate the 
HTML interface as Well as to determine Which of a 
plurality of possible digital representation formats to 
present a particular user With. 

3. Stored in a data store Which is queryable by a doWn 
stream user system (outside of the System) via a stan 
dardiZed application programming interface over HTTP 
or HTTPS, the System implementing the appropriate 
application programming interface to enable system to 
system communication via HTTP or HTTPS methods. 

4. Via a packet-sWitched message to a doWnstream user 
system (outside of the System) the System implement 
ing the appropriate application programming interface 
to enable system to system communication via HTTP or 
HTTPS comprising at least: 
i. The source address 
ii. The destination address 
iii. The date and time the incoming call signal Was 

received 
iv. A unique identi?er allowing for retrieval of the digital 

representation of the call signal by the doWnstream 
system 

In the folloWing description, numerous speci?c details are 
set forth in order to provide a thorough understanding of 
embodiments of the present invention. It Will be apparent, 
hoWever, to one skilled in the art that embodiments of the 
present invention may be practiced Without some of these 
speci?c details. In other instances, Well-knoWn structures and 
devices are shoWn in block diagram form. 

Embodiments of the present invention include various 
steps, Which Will be described beloW. The steps may be per 
formed by hardWare components or may be embodied in 
machine-executable instructions, Which may be used to cause 
a general-purpose or special-purpose processor programmed 
With the instructions to perform the steps. Alternatively, the 
steps may be performed by a combination of hardWare, soft 
Ware, ?rmware and/ or by human operators. 

Embodiments of the present invention may be provided as 
a computer program product, Which may include a machine 
readable storage medium tangibly embodying thereon 
instructions, Which may be used to program a computer (or 
other electronic devices) to perform a process. The machine 
readable medium may include, but is not limited to, ?xed 
(hard) drives, magnetic tape, ?oppy diskettes, optical disks, 
compact disc read-only memories (CD-ROMs), and mag 
neto-optical disks, semiconductor memories, such as ROMs, 
PROMs, random access memories (RAMs), programmable 
read-only memories (PROMs), erasable PROMs (EPROMs), 
electrically erasable PROMs (EEPROMs), ?ash memory, 
magnetic or optical cards, or other type of media/machine 
readable medium suitable for storing electronic instructions 
(e. g., computer programming code, such as softWare or ?rm 
Ware). Moreover, embodiments of the present invention may 
also be doWnloaded as one or more computer program prod 
ucts, Wherein the program may be transferred from a remote 
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6 
computer to a requesting computer by Way of data signals 
embodied in a carrier Wave or other propagation medium via 

a communication link (e. g., a modem or netWork connection). 
In various embodiments, the article(s) of manufacture 

(e.g., the computer program products) containing the com 
puter programming code may be used by executing the code 
directly from the machine-readable storage medium or by 
copying the code from the machine-readable storage medium 
into another machine-readable storage medium (e.g., a hard 
disk, RAM, etc.) or by transmitting the code on a netWork for 
remote execution. Various methods described herein may be 
practiced by combining one or more machine-readable stor 
age media containing the code according to the present inven 
tion With appropriate standard computer hardWare to execute 
the code contained therein. An apparatus for practicing vari 
ous embodiments of the present invention may involve one or 
more computers (or one or more processors Within a single 
computer) and storage systems containing or having netWork 
access to computer program(s) coded in accordance With 
various methods described herein, and the method steps of the 
invention could be accomplished by modules, routines, sub 
routines, or subparts of a computer program product. 

For simplicity and sake of brevity, various embodiments 
described herein focus on inbound fax processing and deliv 
ery of received faxes to subscribers; hoWever, it is to be noted 
that the Internet fax system may also be capable of facilitating 
sending of outbound fax messages on behalf of subscribers as 
Well. 

Notably, While embodiments of the present invention may 
be described using modular programming terminology, the 
code implementing various embodiments of the present 
invention is not so limited. For example, the code may re?ect 
other programming paradigms and/or styles, including, but 
not limited to object-oriented programming (OOP), agent 
oriented programming, aspect-oriented programming, 
attribute-oriented programming (@OP), automatic program 
ming, data?oW programming, declarative programming, 
functional programming, event-driven programming, feature 
oriented programming, imperative programming, semantic 
oriented programming, functional programming, genetic 
programming, logic programming, pattern matching pro 
gramming and the like. 

TERMINOLOGY 

Brief de?nitions of terms used throughout this application 
are given beloW. 
The terms “connected” or “coupled” and related terms are 

used in an operational sense and are not necessarily limited to 
a direct connection or coupling. 
The phrases “facsimile call” or “fax call” generally refer to 

a call carried over a circuit-sWitched netWork (e.g., the public 
sWitched telephone netWork (PSTN)) or a VoIP call carried 
over a packet-sWitched netWork (e.g., the Internet) from a 
device intending to transmit a facsimile to a particular desti 
nation phone number. 
The phrases “facsimile processing resource” and “fax pro 

cessing resource” generally refer to a device capable of 
ansWering a facsimile call, establishing a facsimile protocol 
communication With the caller, receiving facsimile data in an 
audio format and translating the received audio into a digital 
representation. A non-limiting example of a facsimile pro 
cessing resource is a fax server or a subset of resources 

associated With a fax server. According to embodiments of the 
present invention, there is no requirement that all fax process 
ing resources be con?gured the same and/or have the same 
capabilities or capacity. In one embodiment, such ?exibility is 
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enabled by the fact that an appropriate fax processing 
resource of a set of available fax processing resources may be 
determined on-the-?y responsive to receipt of an incoming 
fax call. 

The phrases “facsimile signal” or “fax signal” generally 
refer to a digital representation of audio information encoding 
a facsimile message. According to embodiments of the 
present invention, incoming fax signals may be received over 
a circuit-sWitched netWork (e.g., the public telephone net 
Work) or a packet-sWitched netWork (e.g., the Internet via 
Voice over Internet Protocol (VoIP)) and delivery of the fax 
may be to a packet-sWitched netWork (e.g., an internal net 
Work connected to the Internet). In one embodiment, incom 
ing fax signals contain information regarding the type of 
netWork (e.g., packet-sWitched or circuit-switched), the ser 
vice provider, a source address and a destination address, 
thereby alloWing processing of the incoming fax signals to be 
in?uenced by con?guration and/or preference information 
associated With one or a combination of the source address, 
the destination addresses, the netWork and the service pro 
vider. For example, the source address and its knoWn capa 
bilities and/or Whether the facsimile call arrived over a 
packet-sWitched or circuit-sWitched connection may be used 
to assign the facsimile call to a particular facsimile processing 
resource to compensate for the presence or absence of packet 
delays and jitter. Similarly, the particular source address and 
destination address combination may have been con?gured to 
deliberately use a given type of facsimile processing resource 
based on knoWn limitations and/or preferences of both the 
source and destination. 

The phrases “in one embodiment,” “according to one 
embodiment,” and the like generally mean the particular fea 
ture, structure, or characteristic folloWing the phrase is 
included in at least one embodiment of the present invention, 
and may be included in more than one embodiment of the 
present invention. Impor‘tantly, such phases do not necessar 
ily refer to the same embodiment. 

If the speci?cation states a component or feature “may”, 
“can”, “could”, or “might” be included or have a character 
istic, that particular component or feature is not required to be 
included or have the characteristic. 

The term “responsive” includes completely or partially 
responsive. 

FIG. 1 is a context level diagram illustrating external actors 
that may interact With an Internet fax system 100 in accor 
dance With an embodiment of the present invention. In 
embodiments of the present invention, Internet fax system 
100 alloWs users associated With a subscriber account to 
receive fax messages Without necessarily oWning a fax 
machine via a Web site, fax to email and/or application pro 
gramming interface (API) fax methods. Embodiments of the 
present invention support the notion of a truly multi-user 
system Where the subscriber may be, but is not assumed to be 
an individual user and is typically an organization having 1 to 
I1 users each of Which may have access to faxes received on 
multiple inbound fax numbers. In accordance With various 
embodiments of the present invention, the notion of a user is 
effectively decoupled from the destination address (e.g., the 
inbound fax number) such that a destination address can 
support 0 to I1 users and a user can be associated With 0 to n 
destination addresses. 

Each subscriber account may have one or more users and 
one or more associated fax numbers. According to one 

embodiment, ?exible user con?guration settings alloW secu 
rity options, delivery preferences and access privileges to be 
established With ?ner resolution than existing fax services. 
For example, any inbound fax number associated With a sub 
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8 
scriber account can be set up to deliver received faxes to any 
or no user account associated With the subscriber account. As 

such, multiple inbound fax numbers can be associated With a 
single user or multiple user accounts rather than being con 
strained to a one-to-one relationship. For purposes of el? 
ciency, defaults may be established at an account level and 
overridden, if desired, at the user level. For example, by 
default all faxes received by a subscribing enterprise may be 
stored as portable document format (PDF) ?les; hoWever, a 
particular user may specify that faxes delivered to him/her be 
stored in another ?le format, e.g., tagged image ?le format 
(TIFF). 

Internet fax system 100 receives and processes inbound fax 
calls on behalf of subscribers and stores fax images for later 
retrieval by subscribers and/ or forWards the fax images to one 
or more email addresses designated by the subscribers. Any 
one With a fax machine (subscriber or non-subscriber) can 
dial a subscriber’s fax number and Internet fax system 100 
Will receive the fax, convert/store the fax in a con?gurable 
format for later retrieval via the Web and/or email the fax to 
one or more email addresses that can be con?gured on a 

per-fax-number basis. As described further beloW, embodi 
ments of the present invention also alloW for data store que 
ries via an API over Hypertext Transport Protocol (HTTP) or 
HTTP secure (HTTPS) that alloWs programmers to build fax 
receive capabilities into their applications. 

According to the present example, Internet fax system 100 
interfaces With Internet fax system APIs, such as Internet fax 
system API 110, Internet fax system users associated With a 
subscriber account, such as Internet fax system user 120, and 
fax senders, such as fax sender 130. 

Internet fax system user 120 may receive inbound fax 
messages directed to one or more fax numbers associated 

With an Internet fax subscription via any Internet connected 
device, such as computer 121, a smar‘tphone (not shoWn) or 
the like. As described further beloW, Internet fax system user 
120 may receive faxes as email attachments, as secure doWn 
load links embedded Within email messages or doWnload 
them from a Web site associated With Internet fax system 100. 
To the extent he/ she is authorized to do so, Internet fax system 
user 120 may also make administrative changes to account 
settings via the Web site, including, but not limited to associ 
ating email addresses With fax numbers, specifying fax deliv 
ery preferences, designating user access permissions and the 
like. 

Fax sender 130 may send faxes to subscribers of Internet 
fax system 100 via a dedicated fax machine 132, computer 
131, multifunction/all-in-one printer (not shoWn) or other 
fax-capable device (not shoWn) just as he/ she Would send 
faxes to non-subscribers. Fax sender 130 need not be a sub 
scriber of Internet fax system 100 to send faxes to a sub 
scriber, such as Internet fax system user 120. 

Internet fax system API 110 may represent a standardized 
API associated With Internet fax system 100 or a custom API 
developed to API speci?cations established by the oWner/ 
operator of Internet fax system 100. Internet fax system API 
110 may provide capabilities that an application programmer 
can use to integrate fax capabilities into their applications 
utilizing Internet fax system 100 as a backend, for example. In 
one embodiment, the integration is accomplished via HTTP 
or HTTPS POST operations. 

Depending upon the particular implementation, Internet 
fax system API 110 may provide operations to support fax 
sending and receiving, call detail record collection and auto 
mated number provisioning and de-provisioning. Additional 
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details regarding an exemplary set of operations and related 
variables for an intemet fax system API are described in 
Appendix. 

FIG. 2 is a system level diagram conceptually illustrating 
an architecture of an Internet fax system 200 in accordance 
With an embodiment of the present invention. According to 
the present example, Internet fax system 200 is coupled to one 
or more networks 210 through Which inbound faxes may be 
received and delivered and outbound faxes may be uploaded 
and transmitted. 

In the exemplary simpli?ed architecture depicted, Internet 
fax system 200 includes one or more telecommunications 
systems 220, one or more call mediation systems 230, fax 
processing resources 240, an email gateWay 250 a Web ser 
vices interface 260, a Web site 270, a ?le store 280 and a data 
store 290 interconnected via an appropriate telecommunica 
tions signaling netWork and an Internet Protocol (IP) net 
Work. 

According to one embodiment, telecommunications sys 
tem(s) 220 are operable to receive incoming fax calls and pass 
accepted fax calls to a call mediation system of call mediation 
system(s) 230. In one embodiment, telecommunications sys 
tem(s) 220 perform round-robin load balancing among the 
call mediation system(s) 230. Upon call completion, telecom 
munications system(s) 220 may record telephony (ISDN) 
information and call accounting information in data store 290 
for billing purposes and/or troubleshooting. 

In one embodiment, call mediation system(s) 230 are logi 
cally interposed betWeen telecommunications system(s) 220 
and fax processing resources 240. Call mediation system(s) 
230 receive incoming call information (e.g., caller ID and 
called number), determine custom call handling based 
thereon, select an appropriate fax processing resource of 
those available Within fax processing resources 240 and redi 
rect inbound fax calls to the selected fax processing resource. 
As described further beloW, load leveling may also be per 
formed at the call mediation layer by preferring not to select 
the same speci?c available fax processing resource until all 
other available and appropriate fax processing resources of 
fax processing resources 240 have been selected to process an 
inbound fax call. In some embodiments, call mediation sys 
tem(s) 230 sit in the path of inbound fax calls and Wait for call 
completion to alloW call mediation system(s) 230 to record 
call accounting for billing in a separate database (not shoWn). 
To the extent not performed at the telecommunications sys 
tem layer, call mediation system(s) 230 may also record tele 
phony (ISDN) information and call accounting information 
in data store 290 to facilitate troubleshooting. 

Fax processing resources 240 are operable to receive 
incoming call information from call mediation system(s) 230, 
set custom parameters based on information passed, such as 
speed/protocol, capabilities, etc., receive inbound fax signals, 
convert audio fax signals to appropriate digital image form 
and deliver or otherWise make available the resulting fax 
messages to one or more users associated With the subscribers 
to Which the inbound faxes are directed (e.g., by storing the 
fax messages in a destination address-speci?c storage area 
Within ?le store 280 for subsequent Web retrieval and/or by 
creating an email message directed to one or more users 

according to the subscriber’s administrative account set 
tings). 

According to one embodiment, email gateWay 250 is a 
simple relay operable to receive and send email messages 
created by fax processing resources 240. In such an embodi 
ment, before sending an email message to email gateWay 250 
that is to be relayed to a subscriber, fax processing resources 
240 may apply custom messaging to the email. For example, 
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10 
fax processing resource 240 may make the email message 
appear to be from a customer’ s service provider that operates 
as a reseller of the Internet fax service or fax processing 
resource 240 may reformat data in the noti?cation based on 
customer de?ned preferences. In alternative embodiments, 
email gateWay 250 may include more intelligence and per 
form some portion of email creation, customiZation and/or 
reformatting. 
Web services 260 supports API-based receiving of fax 

messages, Wherein the interaction can be With a program on a 

user system, as opposed to manual doWnloading of fax mes 
sages by an individual using a Web broWser as required by 
existing Internet fax systems, such as that described in Us. 
Pat. No. 6,350,066 and its progeny. According to one embodi 
ment, Web services 260 is operable to receive request for 
doWnload of received faxes (e.g., by unique fax ID recorded 
in data store 290 by fax processing resources 240) via an API 
call and return fax images to the requesting system. For 
example, Web services 260 may retrieve the fax image loca 
tion from data store 290, retrieve the fax image from ?le store 
280 and send the fax image to the requesting system over a 
secure sockets layer (SSL) connection. Further details regard 
ing an exemplary set of operations that may be automated via 
Web services 260 are provided in Appendix. 
Web site 270 is operable to receive and process user 

requests relating to received faxes. For example, responsive to 
a user logging into Web site 270 and navigating to the receive 
faxes page, Web site 270 may query data store 290 and present 
the user With an interface, per receiving fax number Within the 
subscriber account With Which the logged inuser is associated 
to Which the user has access, that lists received faxes. The user 
may then select a fax to doWnload and cause Web site 270 to 
retrieve the corresponding fax image from ?le store 280 for 
doWnload to the user’s client system via SSL. In some 
embodiments, Web site 270 may further support the capability 
for users to rename received faxes to something meaningful to 
them and/ or to create logical “folders” and move faxes’ stor 
age presentation from the destination to the logical folder. 

File store 280 represents a shared storage resource acces 
sible by fax processing resources 240, email gateWay 250, 
Web services interface 260 and Web site 270 for storing and 
accessing digital representations of fax messages. According 
to one embodiment, ?le store 280 is simply a disk With no 
processing other than storage access logic. According to one 
embodiment, ?le store 280 is a fax image database imple 
mented Within a netWork attached storage (NAS) device, such 
as a NetApp NAS ?ler available from NetApp, Inc. 

Data store 290 represents storage for accounting, billing, 
features and metadata associated With received fax messages. 
According to one embodiment, data store 290 is a Solaris 
x86-based Workstation running an open source database, 
such as MySQL. 
The centralization of con?guration and user information in 

the manner described above eliminates duplication of such 
information among inbound fax servers as suggested by prior 
Internet fax system architectures, such as the architecture 
described in Us. Pat. No. 6,208,638. The centralization of 
storage on a netWork-shared storage device also eliminates 
the need for redirecting requests for faxes to a system or 
program separate and apart from the one (e. g., the Web server) 
the user is communicating With initially to make the request 
as suggested by prior Internet fax system architectures, such 
as the architecture described in Us. Pat. No. 6,350,066. This 
enhances scalability, ?exibility and reliability of the Internet 
fax system by, among other things, removing the possibility 
















